Abstract In this paper, the research framework for specific structure crystallization modeling has been proposed in which four steps are required in order to investigate the rigorous crystallization modeling by thermodynamics. The first is the activity coefficient model of the solution, the second is Solid-Liquid equilibrium, the third and fourth are the dissolution and crystallization kinetics modeling, respectively. Our investigations show that the mechanisms of complex structure formation and microphase transition can be analyzed by combining the dissolution and crystallization kinetics modeling. Moreover, the formation mechanism of the porous KCl has been analyzed, which may provide a reference for the porous structure formation in the advanced material synthesis.
Introduction
What are the frontier and challenges in chemical engineering nowadays? As we know, in the past century, chemical engineering has played a very important role in fertilizer, petroleum industry, etc. In the new century, product engineering has been proposed by Prof. James Wei [1] to investigate the relationships between the structures and the performances of the materials. In China, multiscale method [2] has been proposed by Prof. Jinghai Li and his co-workers. With the development of science and technology, the interdisciplinary research between chemical engineering and material science has been more and more important. Therefore, the new discipline of materialsoriented chemical engineering [3] has come out. For the new discipline of materials-oriented chemical engineering [3] , new advanced materials are used to develop new chemical processes, and chemical engineering methods are applied to the material engineering. Thus, the objective of our laboratory is to prepare the advanced inorganic materials and some nanomaterials. Our targets are the same as chemical engineering processes, that is, large-scale preparation, high quality with low cost, and the process should be controlled easily. However, if we deal with the solid, it is quite different from the previous chemical engineering processes. As we know from phase diagram to chemical process simulation, thermodynamics has played a very important role in the petroleum industry. However, if the system has become more complex, including complex interface, complex structures, and complex facets, how do we deal with it by thermodynamics? This is one challenge for us. For our objective, firstly, we should do some experiments in the laboratory, and this means advanced material synthesis; secondly, we need the crystallization modeling, and this modeling should explain both mechanism and morphology of the crystals. After the working on both objectives, we can establish the scale-up method, and it means we should find some controllable operation parameters. This is what chemical engineering can do for the new solid materials. In this work, the research framework for crystallization modeling is proposed in Fig. 1 . The chemical potential can be used to judge which process will occur. If the chemical potential of the liquid equals that of the solid, it is in the equilibrium, but this equilibrium is different from the vapour-liquid (VL) equilibrium. For the VL systems, only two phases-vapour and liquid-exist. However, if we deal with the solid, we may have much more phases. Therefore, the solid-liquid equilibrium (SLE) calculation is also the challenge. If the chemical potential of the liquid is different from that of the solid, either dissolution or crystallization will occur. The Dm is the driving force for either the dissolution or the crystallization process. From the chemical potential, at least four steps should be performed for specific structure crystallization modeling and will be introduced with inorganic salts as the study examples in this paper.
Thermodynamic modeling

Activity coefficient model in mixed aqueous electrolyte solutions
The first step is activity coefficient model in mixed aqueous electrolyte solutions. There are growing interests in thermodynamic properties of mixed aqueous electrolyte solutions due to the importance for understanding various natural and industrial processes such as inorganic chemical manufacture, wastewater treatment, seawater desalination, etc. The existing models for describing and correlating activity coefficients in aqueous electrolyte solutions are roughly assigned to physical or chemical models. Most activity coefficient models are only appropriate for single aqueous electrolyte solutions, and their extensions to mixed electrolyte solutions are often not reliable enough, particularly at high ionic strength near the solubility limit.
In our research group, a new model (Lu-Maurer model) [4] for describing activity coefficient in mixed aqueous electrolyte solutions is proposed, which combines chemical reaction (ionic solvation equilibria) with physical interactions (local composition equation). This model describes the Gibbs excess energy, especially osmotic coefficient f and mean activity coefficients g AE of dissolved electrolytes in an aqueous solution. Dissolving a strong electrolyte in water results in a mixture of water molecules, unsolvated, and solvated ions. Incomplete dissociation and ion pairing are both neglected. The true concentrations of solvated and unsolvated ions from the overall concentration of the dissolved electrolytes are calculated from solvation equilibria. Deviation from ideal mixing behavior is considered by combining the DebyeHückel law with the UNIQUAC model. The new method is especially aimed to predicting properties in aqueous mixed electrolyte solutions from the properties of single The second step is the SLE stage in aqueous electrolyte solutions. Processes related to aqueous electrolyte solutions and solids are important in areas such as inorganic chemicals, materials science, biochemistry, environmental protection, etc. In the related systems, electrolytes dissociate completely or partly into cations and anions, solid phases are immiscible, and compounds are formed in the different solid phase. The number of phases and their identities are too complicated to predict, which causes difficulties for the design of such processes. The number of phases and their identities can be determined in advance using phase diagrams or the enumerative method during process design. The former method is unsuitable for complicated systems and cannot calculate continuously. In the latter method, all combinations should be tried, and good initial values are often required to calculate the activity coefficients reliably. The difficulty of estimating initial values limits the wide use of this method in practice.
For another method based on free energy minimization, the number of phases and their identities must be determined in advance for free energy calculation. Presently, this is studied by the enumerative method. 
